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In response to the Examiner's Answer mailed 11/10/98, please find below the 
Appellant Reply Brief for the above identified case as follows. 
ARGUMENT IN REPLY TO EXAMINER'S ANSWER 

This whole appeal really turns around one simple issue. The Examiner has 
misunderstood the teachings of the Mori reference and not assigned proper meaning to 
the term "self aligned" in the claims on appeal. Simply put, the appellant's memory 
cell is much smaller than the prior art because it uses a self aligned floating gate which 
never ever extends beyond the lateral edges of the well. The applicant's memory cell is 
manufactured using an anisotropic etch to form the floating gate such that all horizontal 
components of the floating gate conductive polysilicon are removed leaving only the 
vertical portions on the sidewalls of the well in which the vertically oriented flash 
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EEPROM is made. This is clearly shown in the applicant's figures and steps 33 and 34 
in the table entitled SELF ALIGNED MEMORY CELL toward the end of the applicant's 
specification. It should be noted that the memory cell is comprised of a single vertically 
oriented EEPROM transistor and the term self aligned in the title of this table will be 
understood by those skilled in the art to mean a self aligned floating gate among other 
things because that is a big part of what makes the applicant's flash EEPROM memory 
cell so small which was clearly stated to be the object of the invention. 

The principal error made by the Examiner in this case was in misinterpreting 
the teachings of the Mori reference in assuming from the appearance of the drawings of 
the Mori cell that the Mori floating gate is self aligned. The undersigned believes this 
error was made because the drawings (Figures 1a and 1b) of the Mori cell shows the 
floating gate FG having both a vertical and a horizontal component near the top of the 
well and a horizontal component in the bottom of the well, but it shows the edge of the 
horizontal component at the top of the well cut off and aligned with the edges of the well. 

What the Examiner has either accidentally overlooked or intentionally ignored is 
the fact pointed out by the undersigned that the Mori reference at Col. 9, lines 28-9 
teaches use of a mask to pattern and etch to define the floating gates. Exhibit A attached 
is the pertinent portion of the Mori reference which teaches patterning and etching to 
form the floating gate. Patterning, as is well known to those skilled in the art, means 
using a mask to pattern photoresist to be used as an etch mask to define the structure of a 
layer under the photoresist. 

The fundamental error which the Examiner has made here is that 
she assumes that in a micron sized structure, when a mask is used to 
define the edges of the floating gate, the positions of those edges can be 
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guaranteed ev ry time to b aligned with th edges of the trench. As is well 
known in the semiconductor processing art, this is simply not true because registration 
errors of the mask in aligning it with the positions of the trenches will cause 
uncertainty in the position of the edges of the floating gate formed using the mask. 
Exhibit B attached in an article in the prior art on optical photolithography written by a 
scientist at Bell labs. This article at page 471 shows that several research groups have 
implemented 1 micron photolithography to pattern photoresist to fabricate memory 
cells and typically experienced plus or minus 0.3 micron level-to-level registration 
errors. This means that it is well known in the art that when a mask is used to fabricate 
a structure on one layer, there is uncertainty where that structure will be registered 
relative to the underlying layer and the misregistration is typically plus or minus 0.3 
microns. This further means that because Mori used a mask to pattern and etch the 
floating gate, the edge of the floating gate so formed may be up to plus or minus 0.3 
microns away from the edge of the trench and where it will be within this production 
tolerance exactly is not predictable from one batch of chips to the next. This further 
means that structure overlying the floating gate which must be registered to it for 
proper positioning to make the device work must be spaced far enough away from it to 
make sure that the uncertainty of its exact boundary are accounted for so that an overlap 
that would render the device inoperative does not occur. 

With the self aligned process of the claimed invention, there are no registration 
errors to worry about as it is guaranteed everytime that the floating gate will be 
completely contained within the perimeter of the well. Therefore structures that are 
formed that need to be registered to the floating gate can be closer because there is no 
uncertainty as to the exact location of the floating gate boundary. This means that the 
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applicant's cell can be made much smaller, and this is what the Vora Declaration is all 
about (Vora is the applicant and appellant). The Vora declaration compares the sizes of 
the Mori cell and the size of his cell and points out why his cell can be smaller using the 
same design rules because of the certainty of the position of the Vora cell floating gate 
and the uncertainty of the position of the Mori cell floating gate. 

It is clear, contrary to the Examiner's argument, that the applicant has 
presented evidence that the process limitation "self aligned" gives rise to structural 
differences over the prior art. That evidence is the portion of the Mori specification 
that teaches use of a mask to form the floating gate. This means to persons skilled in the 
art that there is no way to predict exactly where the edge of the floating gate will be 
relative to the edge of the well. In this sense, the drawings of the Mori cell in his patent 
are highly deceptive in that they show a floating gate aligned with the edges of the well 
despite the fact that there is no guarantee that that is exactly where they will actually be 
every time. Since the Vora cell floating gate is guaranteed to be fully contained within 
the well perimeter because the anisotropic etch takes off all floating gate poly that is 
horizontal up above the top of the well on the top of the substrate. This is a significant 
structural difference that defines the essence of the structural difference over the prior 
art which gives it the advantages pointed out by the Vora declaration. 

The Vora cell also uses a bit line which is not buried in the substrate, and this too 
contributes to the ability to make the Vora cell smaller for the reasons detailed in the 
appeal brief. 

Contrary to the Examiner's argument, the applicant is not asking the Board to 
take judicial notice that the claim language means something other than what it says or 
trying to get the Board to read limitations from the specification into the claim. The 
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applicant is simply asking the Board to properly interpret the claims in light of the 
teachings of the applicant's specification. The Federal Circuit has noted this distinction 
in Phonometrics. Inc. v. Northern Telecom Inc. . 45 USPQ2d 1421 (Fed. Cir. 1998). 
There the Federal Circuit was interpreting the meaning of a "call cost register means" 
in accordance with the teachings in the specification that it both provided a display of the 
total cost at the end of the call as well as continuously reminding the caller of the cost of 
the call as the call progressed. Phonometrics argued that the Federal Circuit was 
reading limitations into the claim from the specification. The Federal Circuit held that 
this was not what was happening and all they were doing was interpreting a limitation 
that was specifically recited in the claim in light of the teachings of the specification. 
Specifically, the Federal Circuit held at p. 1427: 

Phonometrics of course argues that additional limitations cannot be 
imported into a claim from a written description. We mayu, however, 
construe a specifically claimed limitation in light of the specification, 
which is all we do here. 
The Examiner argues that the applicant's specification does not teach a process 
for making a self aligned floating gate despite the fact that the applicant's specification 
clearly includes a table at page 13 which summarizes a process to make a self aligned 
cell including steps 33 and 34 which define the anisotropic etch that forms the self 
aligned floating gate by etching away all horizontal components of the layer of 
polysilicon from which the floating gate is formed. These two steps in conjunction with 
the detailed description earlier in the specification and the figures clearly shown how a 
floating gate is formed which is self aligned so as to not extend beyond the edges of the 
trench by using an anisotropic etch instead of the mask of the Mori prior art. 
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As to the bit lines formed on the surface of the substrate, the applicant requests 
that the Board take notice that in the Mori cell embodiment with a bit line on the 
surface, there must be a contact hole formed at every cell. This contact hole must be 
defiend with a mask meaning that alignment tolerances around the contact hole must be 
used. This means all the structures around the contact hole that must not overlap with it 
must be spaced further away from it. This makes the Mori cell larger than the Vora cell 
which does not require a contact hole formed using a mask at each cell. 

The applicant notes that the Examiner has actually properly interpreted the 
"self aligned" claim limitation at page 10 of her answer in the sense that she notes that 
it will not extend beyond the edges of the trench. This is partially correct. The correct 
interpretation is that it will not have any horizontal component on the surface of the 
substrate or on the bottom of the well and therefore will not extend beyond the 
perimeter of the trench. However, even with the Examiner's interpretation, the Vora 
cell distinguishes over the Mori prior art because the Mori prior art defines a floating 
gate which will extend beyond the perimeter of the trench because it is made with a mask 
and registration errors guarantee uncertainty in the location of the edges of the Mori 
floating gate relative to the edges of the trench. 

As a final note, Exhibit C attached is a copy of the cover letter sent with the hand 
carried copy of the formal response to the final rejection in the form of an amendment 
and Vora Declaration which was hand carried to Examiner Crane when the undersigned 
learned that the mailed version of the formal response had not yet reached the Examiner. 
This cover letter was stamped by the Group Receptionist with a date of receipt of July 
20, 1998. 

All claims are believed to be in condition for allowance, and favorable action is 
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trench, and indeed, that width is slightly greater than 
the width of the drain bitline (see, Fig. lb). 
I This configuration provides continuous source re- 
gions and drain regions around each trench. As a result, 
the channel region is also continuous around each 5 
trench, thereby maximizing the channel interface to the 
floating gate, and optimizing charging efficiency. 

2.3. Gate Conductor Formation. The third stage of 
fabrication involves forming the vertical floating gate 
and program gate conductors, and associated insulating 10 
layers- 
Referring to FIG. 4b, after trench formation, an gate 
oxide layer 74 is grown over the sidewalls and bottom 
of each trench 72, to a thickness of about 200 Ang- 
stroms. During this procedure, some small amount of 15 
oxide will also be grown onto the thick oxide. 

Next, a first polysilicon layer 80, which will form the 
floating gates for the memory cells, is deposited over 
the oxide layer 71, and into each trench. This poly 1 
layer is deposited to a thickness of about 3000-5000 20 
Angstroms, and highly doped N+with phosphorous to 
render it conductive. 

The poly 1 deposition forms a conductive layer 
within each trench, including a vertically extending 
section 82. T he^venically extending section 82 overs th e 25 
gate oxide 74 on the sidewalls of the trenciu leaving a 

central cavity 84 in the trench. 

~ I he poly 1 layer is then patterned and etched to> 
define the floating gates. 
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Keiernng to hiOS. 1, la and lb a fter definition of the 3 0 
y vertical floating gates FG^t he text step is to grow over 
the substrate, an interlevel oxide layer ILO. T hi$_jnter- 
\ le vel(oxide)layer grows over the poly of the floating 



gates ;trnf thinness nf ahnnt A n^jj^r^AjtArria. 
lively, a n oxide/nitride/oxide layer of equivalent oxide 35 
( electrical; tn icKness may be used. 
i>iext, a second polysilicon layerwhich will form the 
v program gates PG for the memory cells, is deposited 
over the substrate and into each trench cavity (84 in 
FIG. 46). The poly 2 fills the trench cavity, and is insu- 40 
lated from the floating gate conductors FG by the inter- 
level oxide ILO. This poly 2 layer is deposited to a 
thickness of about 3000-5000 Angstroms, and highly 
doped N-r-with phosphorous to render it conductive. 

The poly 2 deposition forms a vertically extending 45 
conductive program gate element PG within each 
trench. The vertically extending program gate overlaps 
the vertically extending portion of the floating gate, 
providing capacitive coupling between the program 
gate and the insulated floating gate. 50 
r The poly 2 layer 20 is then patterned and etched to 
J define the wordlines WL (see, FIG. \b\ which incorpo- 
l rate the program gates PG. 

3. Conclusion. Although the invention has been de- 
scribed with respect to exemplary embodiments, vari- 55 
ous changes and modifications of the disclosed embodi- 
ments, as well as alternative embodiments, will be sug- 
gested to one skilled in the art. It is, therefore, intended 
that the invention encompass such changes and modifi- 
cations as fall within the scope of the appended claims. 60 
What is claimed is: 

I. A method of fabricating a vertical memory cell 
array, using vertical floating gate FET memory cells, in 
a substrate of a first conductivity type, comprising the 
Steps: 65 
forming in the substrate multiple rows of doped 
groundline zones of a second conductivity type 
extending down to a selected groundline depth; 



into each groundline zone, forming a doped channel 
zone of the first conductivity type extending down 
to a selected source/channel junction depth, 
thereby defining a buried source groundline be- 
tween the source/channel junction and the ground- 
line depth; 

into each channel zone, forming a doped drain bitline 
of the second conductivity type extending down to 
a selected drain/channel junction depth, thereby 
defining a buried channel layer between the drain/- 
channel junction and the source/channel junction; 
in each bitline row, forming multiple trench areas 
through said drain bitline, said channel layer and at 
least partially into said source groundline, thereby 
defining drain, source and channel regions adjacent 
each trench, each trench further having substan- 
tially vertical sidewalls; 
for each trench, forming a gate insulator layer over 
the substantially vertical sidewalls of said trench; 
for each trench, forming a floating gate conductor 
disposed into the trench, insulated from the associ- 
ated channel region by the gate insulator; 
forming an interlevel insulator layer over said float- 
ing gate conductor; and 
forming onto the substrate multiple columns of pro- 
gram gate worline conductors extending over re- 
spective columns of trenches, insulated from said 
floating gates by said interlevel insulator. 

2. The method of fabricating a vertical memory cell 
array of claim 1, wherein, for each trench, said floating 
gate is formed over the sidewalls of such trench defin- 
ing, a central cavity, and the program gate conductor is 
disposed into such cavity. 

3. The method of fabricating a vertical memory cell 
array of claim 2, wherein the trench is substantially 
square in horizontal cross section and has substantially 
vertical sidewalls. 

4. The method of fabricating a vertical memory cell 
array of claim 1, wherein the trench is surrounded by 
the source groundline and drain bitline. 

5. The method of fabricating a vertical memory cell 
array of claim 1, wherein said source groundline and 
drain bitline are doped N+. 

6. The method of fabricating a vertical memory cell 
array of claim 1, wherein the memory arrav is an 
EPROM. 

7. The method of fabricating a vertical memory cell 
array of claim 1, wherein said drain bitline, channel 
zone and groundline zone are formed by respective 
implant/diffusion procedures. 

8. A method of fabricating a vertical memory cell 
array, using vertical floating gate FET memory cells, in 
a substrate of a first conductivity type, comprising the 
steps: 

forming in the substrate multiple rows of doped 
groundline zones of a second conductivity type 
extending down to a selected groundline depth; 

into each groundline zone, forming a doped channel 
zone of the first conductivity type extending down 
to a selected source/channel junction depth, 
thereby defining a buried source groundline be- 
tween the source/channel junction and the ground- 
line depth; 

into each channel zone, forming a doped drain bitline 
of the second conductivity type extending down to 
a selected drain/channel junction depth, thereby 
defining a buried channel layer between the drain/-- 
channel junction and the source/chanr:?! junction; 
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H EEPROM FOR GREATER DENSITY AND LOWER COST 

Honorable Commissioner Morgan Hill, California 

of Patents and Trademarks July 14, 1998 

Washington, D.C. 20231 

Attn: Examiner Crane, Building CP4, Floor 06 Room B06 
Dear Sir: 

In response to a telephone conversation with Examiner Crane regarding the 
subject case indicating that she has not as yet received the formal response we mailed on 
June 9, 1998, enclosed is a hand delivered copy of the amendment we filed on June 9, 
1998, a Declaration of Madhu Vora dated June 9, 1998, a copy of the postcard return 
receipt indicating that these two documents were received on June 12, 1998 by the PTO, 
a copy of a supplemental response mailed June 10, 1998 enclosing two drawing 
markups that were inadvertantly omitted from the June 9, 1998 amendment and a 
postcard return receipt indicating that the supplemental amendment was received at the 
PTO on June 15, 1998. I would appreciate a review of the new evidence and the 
response and a telephone call at 408 778 3624 regarding status of the case after you 
have reviewed the new evidence. Our position is that the claims were misinterpreted by 
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Examiner Giordina and she misunderstood the prior art disclosure either reason alone 
being sufficient to invalidate the prima facie case of obviousness leaving the claims 
rejected on invalid grounds. 

All claims are believed to be in condition for allowance, and favorable action is 
ernestly solicited. 



I, Sara Crane, certify that the documents described above were hand delivered to me on 

in building CP4, Floor 6, Room B06 along with a 

copy of a return receipt postcard indicating that the Amendment dated 6/9/98 and the 
Declaration of Madhu Vora dated 6/9/98 were received by the PTO mail room on June 
12, 1998 and a copy of a return receipt postcard indicating the Supplemental Response 
dated 6/10/98 and its enclosed drawing markups was received by the PTO mail room on 
6/15/98. 



Sara Crane Date 



Respectfully submitted, 



Dated: July 14,. 1998 




Ronald Craig Fish 
Reg. No. 28,843 
Tel 408 778 3624 
FAX 408 776 0426 
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same size, but mask and wafer are scanned continuously and synchronously 
through highly corrected portions of the object and image fields. The smaller nu- 
merical apenure of this last system makes it unsuitable for submicron imaging. 

12.2.1 A Benchmark: 1 pm Photolithography 

Before considering submicron lithography, we shall first examine, as a point of 
reference, the requirements and the practice of photolithography for MOS circuits 
with dwign role* of i ;i.m Snrh a dt sign rule generally means that the minimum 
linewidth and the minimum spacing between lines is 1 Atm; the minimum contact 
window is 1 x 1 jitm, and the maximum allowed misregistration between levels is 
±0.25 jim. Let us see how several groups of workers have put 1 fita lithography 
into practice. 

In 1980* Sigusch et al. 4 of Siemens u&ed a wafer stepper with a Zeiss I0x re- 
duction lens of numerical aperture (NA) 0-28 to expose AZI450J positive pho- 
toresist 1.5 j*m;I«ck.JkBt^cTi^^ Wlth minimum 
linewidths of n^)w"ere fabricated. Linewidth eirorew3rwi*in^±0^Mm for 
metal and fieftUafide levels and within ±0.2 fim for polysilicon an^eon^act 
window levels. Registration errors were less than ±0.5 pm. In 1982, workers 
Siemens 5 reported extending this process to 0,75 ftm design rules using a higher 
resolution Zeiss lens of NA 0.42, again exposing 1.5 ftm of resist with 436 nm 
radiation. In this case, linewidth variations were kept within ±0.15 ^m for the 
metal level and within ±0,1 jum for the other levels. Reji&fffttion errors are not. 
quoted, but the maximum error allowed by the design r %js^±0.3 ^m^ 

Hillis et al.* of Hewlett-Packard have reported implementation ot a T fim pro- 
cess for the production of chips for the HP9000 computer. Some chips of the set 
contain as many as 6.6 x JO 4 transistors. With a wafer stepper and standard 
photoresist, it was not possible to keep linewidth variations within the required 
±0. 1 tim and the authors were forced to employ a bilayer resist to meet the speci- 
fications. This bilayer resist system, shown in Fig. 12.1*. incorporates a thick 
lower layer of poly methyl methacrylatc (PMMA), which provides a more nearly 
planar surface than the underlying circuit topography on which to apply the upper 
thinner layer of Kodak 809 positive photoresist. The top layer is exposed by the 
436 nm radiation of the stepper, to which the PMMA is insensitive. A dye was 
added to the PMMA to minimize reflections of the 436 nm radiation. After devel- 
opment, the top layer serves as a conformal mask for flood exposure of the 
PMMA with shorter wavelength radiation, i*} 
In 1983, Orlowsky et al. 7 oF AT&T Bel) Laboratories reported all ptxjl 
process. A wafer stepper with a Tropel 5x reduction lens of NA 0.3>w* 
expose a trilayer resist structure, shown in Fig. 12,1c, with 405 nm radiation. Af- 
ter resist exposure, a thin layer of Si0 5 (plasma-deposited) beneath the resist is 
patterned by reactive ion etching (R1E). The Si0 2 then serves as a stencil mask for 
reactive ion etching of the underlying thick polymer layer, usually hard-baked 
HPR206 photo resist. Linewidth errors for the important polysilicop ^e^VeJe^ 
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to pattern placement errors on the reticle. F: 
a reticle, formed by plotting the placement 
100 x 100 mm amy. The maximum error 
error in the 5 x or 10 x reduced image of 
the requirements of 1 ixm lithography. 

12.2.2 Limits of Photolithography 

Figure 12.3 shows a general schematic rep 
object plane is the mask or reticle. It is illui 
shown) and imaged by the projection optic 
the wafer. We consider in turn two extremi 
of the mask and spatially incoherent ilium 
limit. This situation has been treated by Be 
q\\c\tt> snme nf thp.ir results. 

If the mask is illuminated by a point sou 
tion between the field amplitudes Ucfyc^yo) 
(The phase at each point * 0 . y 0 on the object 
k is the propagation constant of the wave and 



Fig. 12.1 Resist processes: (a) single-layer resist, (b) bilayer resist, (c) trilaycr structure, 
(d) contrast enhancement process. 



The bilayer process is not well suited to high-volume production because of the 
slow and rather involved processing. 

A fourth popular resist process is shown in Fig. 12. Id. In this scheme, called 
contrast enhancement (CE), a thin layer of bleachable material is spun over the 
positive photoresist/ Upon exposure, the illuminated areas of the bleachable CE 
layer become more transparent as exposure progresses. Ideally, a part of the pat- 
tern that should receive no exposure, corresponding to an opaque feature on the 
mask, would receive none. But, of course, some light from nearby features corre- 
sponding to transparent parts of the mask spills over to these regions. The trans- 
mission of the CE layer is greater the higher the intensity of the light incident on 
it. Thus, the contrast, or ratio of maximum light intensity to minimum intensity in 
the pattern, of the radiation exposing the underlying resist is increased or en- 
hanced. This process increases resolution and lincwidth control. 

The following conclusions can be drawn from these reports. Wafer steppers 
available in 1980-1983 provided adequate resolution for 1 /im lithography. Some 
workers found it necessary to employ a more complex multilayer resUt scheme to 
obtain adequate linewidth control. ' 

The IcveMo-level registration provided by the full wafer alignment scheme, 
wherein the reticle is first aligned to the wafer and then each field is exposed in 
turn, was barely adequate. A more accurate method in which each exposure field 
is separately aligned is n w common practice. The registration errors are not due 
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to pattern placement errors on the reticle. Figure 12.2 shows a typical error map of 
a reticle, formed by plotting the placement emits measured at 100 locations in a 
100 X 100 mm array, The maximum error is only 0.099 jam- The corresponding 
error in the 5 X or lOx reduced image of the reticle is negligible compared with; 
the requirements of 1 Attn lithography. 

12.2*2 Limits of Photolithography 

Figure 12.3 shows a general schematic representation of an imaging system. The 
object plane is the mask or reticle. It is illuminated by an illumination system (not 
shown) and imaged by the projection optics onto the image plane, which will be 
the wafer. We consider in turn two extreme cases: spatially coherent illumination 
of the mask and spatially incoherent illumination of the mask in the diffraction 
limit. This situation has been treated by Born and Wolf,' among others; we shall 
quote some of their results. 

If the mask is illuminated by a point source, then there is a definite phase rela- 
tion between the field amplitudes Ufa, yd at different points on the object plane. 
(The phase at each point x 0 ,y 0 on the object plane is simply given by k • r, where 
k Is the propagation constant of the wave and r is the path from the source to x 0 , ?q) 



100.00 MM 




Fife, 12.2 Map of placement emu's on a reticle. The dotted grid represents c nect placement. 
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12.3 Schematic ^presentation * an imaging system. * b radius of the exit pupil, 
in the image plane, by the relation 

H(u.v) is. given by 

W( «,v)=1 (2) 

-0 ifV^ I +^>^- 
i ,i r »iw nidMinatina linht. H i< plotted in Fie. 12 4, where the 

2/J 1 (3) 



Km - 



in this case, the feature is a grating of equal hoes and spaces, 
the grating. 
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0.8 



0 6 



0.4 



INCOHERENT^ 



0 0.2 < 

Fig. VIA Modulation transfer functions 
imaging plotted vs. normalized spatial frc 

In the opposite extreme, where the 
fore no definite phase relation betwee 
illumination is said to be incoherent. 1 
Eq (l) between the Fourier transfoff. 
intensities, the squares of the wave ai 

G,(m,v) - 

where H is called the optical trans; 
modulation transfer function (MTF). 
expression analogous to equation (2) 

for u £ u M . The limiting frequency 
coherent illumination (u/u M = 0.5). 

The transfer function describes h> 
iiiMM* uf * oinuaoidol grating Ahjprt 
lation in a grating of spatial frequer- 

M(u) 
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U/u u 

. . *,rtiallv coherent, and incoherent 

intensities, the sqi" 8 "* 01 ™ ^ 
. f / ..VI (5) 



./«/« o n »s in the caw of 
. c_ is twice as great (w/«m B| ' w 
t~„*u The limiting frequency is twice » 



MM 



: !» + '»' 



(6) 
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M,{u) 



(7) 



incoherent limits. The separation between J- ^ ^ varied ^ „*ans of a 

ohases is neither infinite nor "*^-" C ™" k jy 8 te a familiar phenomenon 

tp£a£n ^ *• wfldenscr iUUWn T 8 A?the"^ «op diaphragm is closed 
m who has used a microscope. At the apetwe , ^ d 

VEZ rooks "sharper." but ^g**. ^hragm causes *c 

Z S? level drops. This U the t JJj£— ratl0 S of the numencal 

Sgs to disappear and the ^ Jj^g optics is often used as a measu* 
.™T«ii* of the condenser to that of the projection v apcrtUTe8 are matched 
- 0 implies is fuled o Senear incoherent 

ItHntrance pu P U of scaring. S - • 

illumination. runl." i**-^ of f £i Sterence (0 < S < » »• KU,,,C 
sj^d, to the incoherent 1 Lm*. jjjjfi... MTF > 0.6, b extended* 
£es over incoherent Ulummai " ^ £ image become steeper.' »d *J 
higher spatial .^SKT Also plotted in Fig. 12-4. 

im \ g e little less most projection printers, S has a 

conisooiidtog to the partial coherences - r 

X between 0.4 and 0.8 difftactio n-limltcd optics, the aberrations 

Although most printers have near r drtfrac 8bMratl0n to *e 

aretverU" Aberrations reduce op Son of the = m* 

s ^r-st - — frow * ptop p 

Rayleigh unU of defocus. 




„fW2 at the edge of the pupil and is supposed to be 

* Sto to ^fer functions with ^^^nctions of a sing^ 
?*~^„i s . thev can be written and sUnd8 for VF+ v • 



JSiS^y «■ ^ written a» JJ^^T*-. V- ■ , 

nant spatial frequency components « 



a long line of the same width » 
|H( Wo )l. If bom types rffeawr« 

a« will not have correct dimens 
ing high spatial frequencies, th« 
feature and proximity to .c4heri 
less than h*. This is called ijp 
Wafer steppers are used unoe 
me vendors to or^tt\mby*iei 
possible resolution for a critical 
less highly skilled personnel in 
of the best resolution obtainable 
is the value of «at which the V 
S- 0.7 of Fig. 12.4. this is u c 

la the literature, one often find: 



where X- 0 8 for production 

for hfrtrr conditions. 

Table 12.1 gWes speeificatio 

focus obtained with them and r 

7 mm for the lens with largest 

of the exposure field implies* 
sary. (Throughput, or number. 

size, exposure time, and aligm 

,o 50 wafers per hour for wa 
resolution obtained ovet the e 

sist of thickness slightly pea* 
under these conditions, an 
trilayer resist. For the second^ 
fortri-layer resist and for * 
measure of the quality of the 

of resolution points in the e; 
description of ultimate tesol- 
vSue of<^0 8X/iVA the 
ditions. it is nearly equal to 
layer resist, V (The imagi- 
to 0.7 fim in thickness.) 

There Is another reason 
MTF curves shown are for 
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=.n f« \my/2ur)\ is less than 

less than u M . This is called a J^VffeSt conditions, ranging from tests by 
Wafer steppers are used under many on 0 btainin e the highest 

^ vendors I operation ^^^^SZSS^ to operation by 

S - 0.7 of Fig. 12.4, this is = 0.48 i ,vm * 



: 0.52\V(JVAr - 1 



X 



(9) 



^ rtnression for best resolution written as 
in the literature, one often finds the expression 



e=l m' 



(10) 



where K = 0.8 for Ruction conditions, and K is some smaller value near 0.5 
for better conditions. 11 . A resolutions and depths of 

Table 12. 1 gives specifications ^gffi£ m diameter ranges from 
focus obtained with them and 0 6) t0 20 mm. A larger diameter 

7 mm for the lens with largest aperture (W ™' » ^ neces . 

Ifte exposure field implies also on wafer 

,arv (Throughput, or number of wafers patterns F » ' from t 0 

£ SsureLe. and aUgnmenl 5 ^m. ^/denotes the 
to 50 wafers per hour ^^r^Z single-iay« positive photore- 
resolution obtained over the t M» a* I «pone 5 ^ ^ ^ j 
sist of thickness slightly greater than 1 J^tte measured with 

under these conditions. €» and w« « l^ed the same values 

trilayer resist. For the second entry in the table, f R a , d . As , 

£5£r resist and for the gle the number 

measure of the quality of the opt.es. hna 9 and U « a ^ good 

of resolution points in the ^^^S^ Aho ubulated is me 

to 0.7 IM in thickness.) ««««,«tive in estimating resolution. The 

11 T XlSUESS* of - « 

MTF curves shown are for grauns ™ 
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difficult to resolve than a «««^ m *r. 7, 0.75 M m ga«* 
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Fig. 12.5 A < 
column 4. 

of changing the wavelength is t 
us see how far this reduction o 
absorb too strongly; icflective « 
vacuum for X < 185 nm. For ? 
Other possible materials for re 
they are transparent are CaF 2 
These fluoride materials are nc 
reticle substrates. Resolution c 
depend on the value of NA tn« 
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dition, the increased Rayleigh 
likely that systems requiring ? 
will be developed. However, 
sion, then even shorter wavek 
At 248 nm. an MP24O0 p 
spectral region, MP2400 is n 
slightly longer wavelength. F 
produced in the center of the 
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dirion. the increased Rayteigh < * ^ at porter wavelengths 

lik ely that systems requmng * Section rather than transrms- 

i^rir^^ couid be used. i? j( ultrtviolct 

""/■ft nm! an MP2400 ^^^f^Jcn^m as it is at 
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The reduced absorption leads to ^^£ t £2 ^pd, stf0 ngly on resist 
sured experimentally (the most important measure,. «* 
propels can be seen by comparing "''^f^Lf*** is a novolac 
^^400 is a two*omponent JJ-^JJ^ SSdd. dissolution inhibitor, 
resin, and the other component ts a WP™^^ by w citation trans- 
it exposing radiation destroys die £ £ J* . Because 
fer mechai-ism. and allow, the t3 bonds, it is also possible 
the deep ultraviolet photon has £g£J b * following way. The 
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Fig. 12.7 Simulated profit 
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Because of the almost 
high resolution, the diste 
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